Background: Percutaneous Endoscopic Gastrostomy (PEG) is the standard option for long-term nutritional support in infants and children with nutritional deficit due to feeding difficulties.
Gauderer et al introduced percutaneous endoscopic gastrostomy (PEG) in 1980, which has replaced nasogastric tube (NGT) and open gastrostomy as the procedure of choice for providing long-term nutritional support 1 . Over 200,000 PEG procedures are performed annually in the USA to compensate for an existing nutritional deficit and to diminish or prevent malnutrition 2, 3 . Enteral feeding requires a normally functioning gastrointestinal tract and compared with parenteral nutrition; PEG tube offers greater patient comfort, it is more practical and economical and with a low complication rate. It maintains structural and functional gastrointestinal integrity and thereby contributes to local intestinal defenses 4 .
Various studies have revealed the superiority of PEG over nasogastric tube feeding and has proved to have less frequent episodes of reflux and aspiration, better nutritional result, better tolerated and cosmetically more acceptable 5 . PEG is an accepted procedure for patients at risk of malnutrition; however, it is performed under general anesthesia in children, an invasive procedure and it is not without potential risks.
The aim of this study is to evaluate the indications, effectiveness of PEG feeding and the short and long-term complications.
METHOD
One hundred forty-eight PEG in-patients were included in the study from October 2004 to December 2007. Data was collected from HIPE (Hospital Inpatient Enquiry) and patients' charts. The indications for PEG included inadequate or inappropriate oral feeding due to various conditions; it was considered if the need was more than one month. Explanation of the procedure to the parents and caregivers was done, and informed consent was obtained.
PEG insertion (Corflo PEG Kit, VIASYS MedSystems Wheeling K 60090) was performed under GA using the "pull" technique.
No dressing was applied to the PEG site. Feeding was recommenced within 12 to 24 hours according to the protocol formulated jointly by the surgeon and dietitian; antibiotics were not routinely given. Once discharged, the parents and caregivers had direct access to the pediatric surgical team, the gastroenterology liaison nurse and community dietitian. We confirmed safe site selection by clear visualization of a finger indentation in the fundus midway between the greater and lesser curvature and demonstration of the colonic shadow (clear demarcation between the light and dark shadows) as contrasted by the intra-gastric light source was used to minimize inadvertent injury to the colon and/or small bowel. Simple descriptive statistics were used to analyze the data.
RESULT
One hundred forty-eight patients underwent successful PEG insertion, and one was converted to open Stamm Gastrostomy due to unfavorable anatomy (excluded from the study). Ninetyone were males (61.5%) and 57 were females (38.5%) with a median age of 15 months (range Nine (6.1%) patients developed a wound infection, 3 (2%) required oral antibiotics, 1 (0.7%) patient had severe cellulitis and leakage treated with removal of PEG, IV antibiotics, nasogastric feeds and reinsertion of PEG after the inflammation had settled and 5 (3.4%) required local wound care alone.
Two (1.4%) patients developed a gastrocolic fistula in the early postoperative period; one (0.7%) patient presented with diarrhea and passage of fecal matter via the PEG. The diagnosis was confirmed with contrast study showing the PEG tube in the transverse colon. The PEG was removed in both cases; one (0.7%) patient had Nissen fundoplication and Stamm gastrostomy two months later. One (0.7%) patient had peritonitis due to leakage from the gastric wall, which required laparotomy and closure of the fistula in addition to gastrostomy.
One (0.7%) patient with renal impairment, renal osteodystrophy and on peritoneal dialysis developed adhesive intestinal obstruction that required laparotomy and adhesiolysis in the first-month post insertion.
Three (2%) patients had inadvertent tube removal. Four (2.7%) patients had tube blockage. Three (2%) patients had tube breakdown. Two (1.4%) patients had tube migration, 1 (0.7%) into the subcutaneous tissue, the other in the stomach wall, both required replacement.
Five (3.4%) patients had vomited after insertion, which was resolved with conservative treatment, two of them had GORD.
Two (1.4%) patients had aspiration pneumonia, treated with antibiotics, 1 (0.7%) patient had aspiration in the perioperative period and had laparoscopic Nissen fundoplication previously; one (0.7%) patient had late aspiration. Both patients had cerebral palsy (CP), global developmental delay and epilepsy. Out of the 15 patients with recurrent aspiration pneumonia, 12 (8.1%) improved with PEG feeding. Six (4%) patients had granulation tissue at the stoma site which responded to topical silver nitrate.
The PEG was removed in 21 (14.2%) patients because they had regained the ability of oral feeding (5 to 23 month), 32 PEG tubes were changed to a "MICKEY" button for long term feeding. Seventeen PEG tubes were replaced in 13 (8.8%) patients due to complications, one replacement in 11 
DISCUSSION
PEG tube placement was originally devised as a technique for a suture-less gastrostomy in pediatric patients 1 . Aspiration and chest infections, reduction in choking episodes, concern over the long-term appearance of NG tube, as well as reduction in feeding time and stress are the main indications for PEG insertion 6 . Each case for PEG is unique and should be considered based on diagnosis, prognosis, ethical issues and the expected impact 7, 8 . PEG has been a widely used technique for long-term enteral feeding in patients who have a functionally intact intestine but who could not eat or swallow due to other co-existent medical problems 1 . The decision to progress to a PEG could be difficult and emotionally laden 9 . Infants and children referred for the insertion of a PEG are often malnourished, with complex congenital malformations, chromosomal and metabolic abnormalities, neuro-developmental delay, central nervous system lesions and aspiration problems 10 .
The primary aim of enteral nutrition is to correct significant nutritional deficiencies, to avoid further loss of body weight and promote growth in children 3, 11 . Spinal deformity with kyphoscoliosis is common in patients with cerebral palsy, and this might make the insertion of PEG technically difficult 10 . However, in experienced hands, PEG insertion and feeding is a safe and effective procedure. Prospective clinical studies have shown that guidelines help patients' selection and play an important role for better outcome 9, 12 . However, it is not without its complications, which could be major or minor. The mortality ranged from 0 to 3% in some studies 13 . There was no procedure-related mortality in our study. Major complications (5.5%) in this study were due to aspiration pneumonia, gastrocolic fistula, intestinal obstruction and severe wound infection.
Minor complications account for approximately 22% and were largely due to stomal leakage, wound infection, tube obstruction or migration, tube fracture and dislodgement, vomiting and formation of granulation tissue. Various studies reported up to 90% minor complications.
Stomal leakage is a common complication, which indicates the need for tube change 14 . Leakage may be due to poor or faulty connections, necrosis of the stomal site caused by pressure necrosis of a large tube or tube deterioration with splitting 10 . Ten percent of patients had stomal leakage in our study; one patient had persistent leakage, associated with wound infection and required removal of the PEG, IV antibiotics, nasogastric feeds and reinsertion of PEG after the inflammation had settled. Wound infection is fairly common and ranges from simple peristomal infection to life-threatening necrotizing fascitis 14 .
In our study, wound infection was seen in 9 patients. Systemic antibiotics are required only in the presence of cellulitis or purulent discharge 10 . In our study, one patient with persistent infection required removal of PEG and re-insertion. Several meta-analyses and a Cochrane review had found that the use of prophylactic antibiotics leads to a reduction in the relative and absolute risk of wound infection 15, 16 . Official guidelines of the European and American Societies of gastrointestinal endoscopy recommend a single prophylactic intravenous dose of antibiotics for all patients 17, 18, 19 .
Tube blockage is a common problem with long-term PEG feeding, and it could be caused by failure to flush the tube regularly before and after use or owing to mixing medications with the feed 10, 14 . Indeed, 16 to 31% of PEG tubes had at least 1 episode of significant blockage 20 . Tube blockage is managed initially by fizzy water, or if that fails, a solution of pancreatic enzymes could be tried as a flush. Mechanical disimpaction by milking the tube might be useful or gently passing an endoscope cleaning brush through the tube 10, 14, 21 . Only 4 of our patients had tube blockage.
Inadvertent tube removal is particularly problematic in the early postoperative period because of an immature tract, which could result in gastric leakage or peritoneal leakage of the formula. Tube dislodgement requires tube replacement as soon as possible as spontaneous closure could occur after about 6 hours 10 . If adequate facilities for replacement are not available, an infant feeding tube or Foley catheter can be inserted 14, 21 .
Aspiration of food or fluid has been shown to decrease the survival in children with CP 22 . It may indicate the need for earlier PEG feeding although aspiration could also occur during or after PEG insertion [23] [24] [25] [26] . It has been suggested that the insertion of a PEG in malnourished children with neurological impairment may be associated with resolution of GOR by improving the nutritional state 27, 28 . In our study, we had two patients with CP and global developmental delay who had aspiration pneumonia post insertion of the PEG and initiation of tube feeding.
The risk of aspiration might be reduced by elevating the head of the bed to 30 degrees, using iso-osmotic feeds and continuous pump feeding and increased time off feeding overnight 21, 29 . Insertion of PEG at the lesser curvature may decrease the incidence of gastro-esophageal reflux and subsequently decreases the incidence of aspiration 30 .
Actual nutritional gain is an important issue and has gained significant attention internationally 31 . Periodic measurements of patients' weight and serum albumin were not available in all patients in our study because of the retrospective nature. However, the average weight-gain in 68 (45.9%) patients was between 3.5 to 6 kg/year.
CONCLUSION
The study revealed that PEG tube feeding is an efficient, safe and acceptable method for medium and long term enteral feeding. However, it provides excellent long-term results and facilitates improvement in nutritional status and the general well-being of such patients, especially those with neurological impairment. Prolonged use of NGT is avoided and the risk of aspiration pneumonia is greatly reduced. PEG should be considered earlier in neurologically impaired patients who are NGT dependent. __________________________________________________ Author Contribution: All authors share equal effort contribution towards (1) substantial contribution to conception and design, acquisition, analysis and interpretation of data; (2) drafting the article and revising it critically for important intellectual content; and (3) final approval of manuscript version to be published. Yes.
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